Introduction
Since 2007, the San Diego County Medical Examiner's Office (SDCMEO) has discovered frequent deaths involving the abuse of the gas 1,1-difluoroethane. The gas is sold by various companies in a myriad of brands and is used for cleaning electronics and computers without damaging them with moisture. The abuse of 1,1-difluoroethane as an inhalant has been documented in literature (1 -8) . Companies that manufacture the substance are aware of this potential and add a bittering agent to deter abuse, but it is unknown whether this reduces the prevalence of abuse or not.
Intentional abuse of 1,1-difluoroethane has been noted to cause transient symptoms such as confusion, tremors, pulmonary irritation and, rarely, coma (1) . Intentional direct inhalation of the gas by spraying into the nose or mouth, as practiced by abusers, may cause freezing of airway soft tissue and oxygen displacement with subsequent loss of consciousness (9) . Cases have been presented in which intentional abuse of the gas has taken place before or during driving and subsequent loss of consciousness with no memory of events prior to the accident (10, 11) . It has been theorized that 1,1-difluoroethane is eliminated quickly from the body, primarily by exhalation. A study in rats exposed to 30 s of 20 L/min 1,1-difluoroethane showed a decrease in blood concentration from an average peak concentration of 352 mg/L to approximately 10 mg/L in approximately 8 min after exposure (12) . A study in humans exposed to low level concentrations of 1,1-difluoroethane over two hours during light exercise (200 and 1,000 ppm) also found a rapid (matter of minutes) post-exposure decrease in capillary blood and then a much slower decline over time, such that the gas was still detected in blood 4 h post-exposure at ,1% of the steady state concentration (13) . In cases of traffic accidents, 1,1-difluoroethane was able to be detected in blood up to three hours after the time of abuse (10) .
By providing the data and circumstances from the SDCMEO, it is hoped that deaths involving 1,1-difluoroethane can be better understood. This is especially true in non-motor vehicle accident deaths involving concentrations of 1,1-difluoroethane in blood below the lowest previous reported value in literature (61 mg/L). The lowest concentration of 1,1-difluoroethane in blood that can cause death is as yet unknown, and the SDCMEO has found cases in which the cause of death was attributed to 1,1-difluoroethane at peripheral blood concentrations below those previously published.
In the last five years, 17 cases from the SDCMEO showed the presence of 1,1-difluoroethane in blood (one in 2007, three in 2008, five in 2009, three in 2010 and five in 2011). 1,1-Difluoroethane was cited in the cause of death in 13 of those cases. Cases positive for 1,1-difluoroethane were discovered during normal ethanol screening and then later confirmed for concentrations of the gas in peripheral blood, central blood and vitreous humor (where these samples were available) by a specific analytical procedure, described herein.
Methods

Specimens
All specimens were collected at autopsy at the SDCMEO. Peripheral blood was drawn from the iliac veins and stored in 10 mL BD Vacutainer (Franklin Lakes, NJ) glass tubes containing sodium fluoride (100 mg) and potassium oxalate (20 mg). Central blood was collected from the heart or adjacent great vessels and collected in identical tubes. Vitreous humor specimens were collected in 10 mL Vacutainer glass tubes with no preservatives. All samples were stored at 48C until analysis.
Screening
The samples chosen for 1,1-difluoroethane analysis were first detected by routine ethanol screen by headspace gas chromatography. The instrument used for routine ethanol screening is an Agilent G1888 headspace sampler (Santa Clara, CA) coupled with an Agilent 7890A gas chromatograph with a flame ionization detector (FID). The column used in the screen instrument is a Restek BAC-2 column (Bellefonte, PA).
Materials and confirmation
The specific analysis of 1,1-difluoroethane was performed using pressurized gas at purity 98%, purchased from Sigma-Aldrich (St. Louis, MO) as a standard and a control. The method used to make calibrators and controls was based on the method by Avella et al. (14) , using two 500 mL gas collection tubes from Alltech Associates (Deerfield, IL). A five-point calibration curve was utilized from 5.4 to 324 mg/L. All calibrators were required to achieve a best fit linear curve with a minimum r 2 of 0.98 and to vary by no more than 20% from the theoretical standard value. The controls, made in methanol, were to vary by no more than 20% from their theoretical value. Case samples for analysis were brought up to room temperature, 0.5 mL of sample ( preferably from an unopened tube) was added to a 10 mL headspace vial by positive displacement pipette after gentle inversion of the sample, and then the headspace vial was capped. Samples were run in duplicate and required to vary by no more than 5% from one another.
Instrumentation
The analysis took place on a 6890 Agilent gas chromatograph with an FID detector coupled with a G1888 headspace sampler. The column was a Restek BAC-1 #18003 (0.32 mm i.d., 30 m) with the following flow settings: hydrogen carrier (supplied by a hydrogen generator), 2.1 mL/min; hydrogen to FID, 30 mL/min; air to FID, 398 mL/min; nitrogen makeup, 1 mL/min. The gas chromatograph temperatures were as follows: detector, 2258C; injector, 2008C; oven, 408C. The headspace sampler zone temperatures were as follows: oven, 408C; loop, 608C; transfer line, 1508C [the transfer line was the only temperature that deviated from the Avella method (14) ; it was changed to ensure that no water or other condensation remained in the transfer line after the injection].
Accuracy and precision A total of 15 controls were made, in which a final concentration of 27 mg/L of 1,1-difluoroethane was prepared in 0.5 mL of blank porcine blood from the methanol standard into which 1,1-difluoroethane was bubbled. The average of the controls was 30.0 mg/L with a standard deviation of 1.0 mg/L and a coefficient of variation of 3.3%. The limit of detection (LOD) for the method was 1.6 mg/L. Concentrations less than the lowest calibrator of 5.4 mg/L (limit of quantitation: LOQ), but above the LOD, were reported to be less than 5.4 mg/L.
Case Histories
Case 1
The decedent was a 34-year-old male. While at a bus stop, he was witnessed to use some type of inhaler and then immediately collapse to the ground. He was observed in the same position hours later and police were contacted. A canister of 1,1-difluoroethane was found in a backpack underneath the body. He had been picked up two weeks prior to his death by police after being witnessed to huff the contents of a propellant canister. He admitted to use of 1,1-difluoroethane to hospital employees on arrival. He was known to have been abusing inhalants for the past year.
Case 2
The decedent was a 48-year-old male who was found dead, slumped over in a parked vehicle, which medics reported as smelling of "fumes." A can containing 1,1-difluoroethane was found in the plants in front of decedents' vehicle, and several new cans were in a box in the rear seat of vehicle. He had been involved in a solo roll-over motor vehicle accident a year ago and had a past history of drug and alcohol abuse and heart disease.
Case 3
The decedent was a 50-year-old male, who was thought by friends to have just recently visited an electronics store in the area. He had no history of abusing inhalants, but was known to use them for their stated purpose of cleaning electronics. Witnesses stated that the decedent was traveling on the freeway at approximately 65 mph when, for an unknown reason; he veered to the right across lanes, onto the shoulder, and down a steep embankment, overturning the vehicle many times. He was dead at the scene from his injuries. An intact can containing 1,1-difluoroethane was found strewn in the debris of the accident on the road below the embankment.
Case 4
The decedent was a 23-year-old male. He had recently been expressing suicidal ideation and was in a domestic violence dispute with his wife. On returning home, she found him hanging by a rope in the hallway with an empty container containing 1,1-difluoroethane overturned on the floor in front of him.
Case 5
The decedent was a 24-year-old male with no known prior history of inhalant or other drug abuse. When he did not show up for work as scheduled, a coworker arrived at the residence and found the decedent in a prone position partially on the couch. Cans containing 1,1-difluoroethane were found at the decedant's feet, under the body, on the kitchen counter and in a trashcan.
Case 6
The decedent was a 46-year-old female, who had been battling alcoholism for many years. She had a history of a suicide attempt by overdose with carisoprodol and had expressed suicidal intent to jump off a bridge. She complained of vomiting, numbness and tingling in the hands, dizziness and an inability to stand. She was observed to be groaning and breathing shallowly. The decedent was discovered in the morning, deceased, on the bathroom floor. No cans of 1,1-difluoroethane were found in the bedroom or bathroom, but multiple bags containing cans of 1,1-difluoroethane were found in the decedent's car, which was parked outside the residence.
Case 7
The decedent was a 24-year-old female diagnosed with bipolar disorder. She had a history of depression and use of illicit drugs, and had attempted suicide four months prior by taking excess medication. She was found nude and face down on her bed, not breathing, and could not be resuscitated. When moved, a can containing 1,1-difluoroethane was found underneath her torso, as was a disposable lighter that had been altered.
Case 8
The decedent was a 26-year-old female diagnosed with bipolar disorder and known to have made previous suicide attempts by overdose with pills, firearms and cutting of the wrists. Upon a welfare check, she was found dead on her bed. She had a large plastic garbage bag over her head secured by a loose knot. A journal-type book was found in which the decedent stated she planned to take all her lamotrigine, drink some wine, inhale some nitrous oxide and pass out in a plastic bag. An empty bottle of lamotrigine was discovered next to a laptop in which online searches were found for "making an exit bag" and "how long to die by asphyxiation." A can containing 1,1-difluoroethane was next to the decedent on the bed and another was on the floor adjacent to the bed.
Case 9
The decedent was a 35-year-old male with a history of alcohol abuse and diagnosed depression. He was found unresponsive on the floor of his room and could not be resuscitated. In his pants pocket was a bottle labeled "morphine sulfate." In a search of the room, five cans containing 1,1-difluoroethane were found between the wall and a couch and three more were found in the creases of the sofa pillows.
Case 10
The decedent was a 49-year-old male with a past history of hospitalization for inhalant abuse. Officers had responded to a call one month prior, when the decedent was witnessed abusing inhalants. On the day of his death, he complained of a bad cold and was later found dead on the floor at the foot of a bed in an RV. Multiple containers of prescription medications, including methadone, propranolol, clonazepam and quetiapine, were found in a bag on the floor. A can containing 1,1-difluoroethane was found on the bed and another in a travel bag on the floor.
Case 11
The decedent was a 21-year-old male with no known history of inhalant abuse. He was found dead in his room on an air mattress, with a plastic bag over his head secured by a large rubber band and a plastic tube grasped in his left hand. A can containing 1,1-difluoroethane was found next to the decedent's body on the air mattress.
Case 12
The decedent was a 23-year-old female diagnosed with bipolar disorder and with a history of abusing prescription drugs and inhalants. The decedent was found dead in her room on the floor, lying next to her bed. Multiple unlabeled medications were found in a handbag near the decedent and a can containing 1,1-difluroethane was found on a nearby dresser.
Case 13
The decedent was a 26-year-old male with a history of illicit drug, alcohol and inhalant abuse. He was last observed the night before his death, abusing inhalants and drinking beer. He was found dead, slumped on the floor next to a desk, with a can containing 1,1-difluoroethane in his hand.
Case 14
The decedent was a 23-year-old female with a history of methamphetamine and alcohol abuse. Traffic was stopped at a red light when the decedent's vehicle approached the intersection at approximately 45 -60 mph, pulled into the far right lane and then into the bike lane, ran the red light, crossed through the intersection and struck a light standard. The decedent was ejected from the vehicle and came to rest approximately 50 feet from the point of impact. Resuscitative efforts were unsuccessful. A can containing 1,1-difluoroethane was found amongst the nearby crash debris.
Case 15
The decedent was a 45-year-old male with a history of cocaine and methamphetamine abuse, but had reportedly been sober for three years. He was found dead in a bathroom, slumped over the counter. An inflated extra-large red plastic balloon was found with a metal cap device attached to it, containing a valve. A second, deflated green balloon was on the countertop. Slightly under the decedent's body was a canister containing nitrous oxide, and directly under the decedent was a can containing 1,1-difluoroethane.
Case 16
The decedent was a 44-year-old male with a history of alcohol abuse; he had recently abused inhalants since giving up alcohol. The decedent had previous arrests related to his inhalant abuse. On the day of his death, the decedent stated that he was not sure he would be going to work because he was vomiting and having diarrhea. Later, he was found unresponsive, face down on the floor near the front door, and could not be resuscitated. Three empty cans containing 1,1-difluoroethane were found hidden inside a plastic bag in a nearby trash can.
Case 17
The decedent was a single 34-year-old male who resided with his mother. He was found unresponsive on the floor of the bathroom with a bag over his head. Medics responded and confirmed the death without medical intervention. A can containing 1,1-difluoroethane was found on the bathroom vanity. Other than obesity, he had no recent medical problems, and he was not known to abuse inhalants.
Results and Discussion
Listed in Table I are the concentrations of 1,1-difluoroethane measured in peripheral blood, central blood and vitreous humor for each case. In five cases, vitreous was not tested because a sample was not collected or the sample size was not sufficient for testing. Table II presents the ratios central blood/ peripheral blood (CB/PB) and vitreous/peripheral blood (Vit/ PB) of 1,1-difluoroethane in the measured tissues of all cases, regardless of cause of death. Table III shows the cause and manner of death for the cases, and Table IV lists all other drugs detected.
In 14 of the 17 cases, a canister containing 1,1-difluoroethane was within close proximity of the decedent (in Cases 3 and 14, it was unknown where the canister was in relation to the decedent before the vehicle accident). Case 6 was the only case in which a canister of 1,1-difluoroethane was not found in the vicinity of the body, but was outside the residence in bags in the decedent's car.
Cases in humans have been presented in which 1,1-difluoroethane was present in femoral blood and death was attributed to sudden cardiac arrest (15) . The mechanism of the death in Case 6 appears unusual because, from witness statements, it did not take place suddenly after abuse of 1,1-difluoroethane, but rather over the course of hours, and the blood and vitreous levels were much lower than the other cases in which the cause of death was either 1,1-difluoroethane alone or in combination with other drugs. Hahn et al. theorized that higher blood levels in organs nearest the lungs (aortic and chest cavity blood in their case, central blood in these cases), rather than the peripheral organs and blood, indicate an acute recent dose, because the high concentration of 1,1-difluoroethane being introduced from the lungs to the closest organs has not had time to diffuse and equilibrate throughout the body (4). Case 16 is unique in that it has the lowest levels of 1,1-difluoroethane detected in the tissues, although they are below the LOQ of the method. The autopsy attributed the death to probable cardiac arrhythmia due to hypertrophic cardiomyopathy. Coronary atherosclerosis, focal bronchopneumonia and inhalant abuse were listed as contributing factors. It has been shown in a study of humans exposed to low concentrations of 1,1-difluoroethane for two hours that the gas could still be detected in blood four hours postexposure (13) . In traffic cases involving intentional abuse by suspects who survived the crash, 1,1-difluoroethane was detected up to approximately three hours after use (10) . From these data, it would appear if death occurred some hours after intentional abuse, concentrations of the gas could still be detected in the blood.
In seven of the 17 cases analyzed by this office (Cases 1, 2, 5, 6, 11, 13 and 17), death was attributed to acute intoxication of 1,1-difluoroethane with no other drugs contributing. Cases 11 and 17 also involved plastic bags tied over the head. The average CB/PB and Vit/PB ratios for these seven cases were 1.58 and 0.56, respectively. In six of the seven cases (in Case 6, no canister was nearby and reports from a witness stated that the decedent was conscious for some time after coming into the house from her car, and is therefore anomalous of the group), a canister of 1,1-difluoroethane was close by or in the hand, signaling that the decedents either lost consciousness or died soon after inhalation. If one removed Case 6 results, the CB/PB and Vit/PB ratios are 1.80 and 0.62, respectively. These ratios will be used for comparison with published ratios because the circumstances and results of Case 6 are so anomalous. The ratios of CB/PB and Vit/PB were chosen because the peripheral blood, central blood and vitreous fluid are the three The LOQ for method is 5.4 mg/L, and concentrations below 20% of LOQ presented for information purposes; numbers in parenthesis represent those reported by SDCMEO. Cases 7, 9 and 10 with ratios of 0.69, 0.84 and 0.84, respectively, while cases within the acute intoxication cohort (1, 2, 5, 11, 13,17) had an average Vit/CB ratio of 0.36. This possibly means that the death in the Jufer case was not rapid enough to be used for comparison or that the contribution of drowning and blunt force trauma caused the resulting ratio to be too dissimilar to that of the acute intoxication deaths without other contributing drugs. Apparently, deaths due to acute intoxication normally have comparatively higher concentrations of 1,1-difluoroethane in the central blood than the peripheral blood. This is possibly because death occurs in minutes after use and the gas has not had the chance to diffuse throughout the body or to be eliminated by exhalation. The concentration of 1,1-difluoroethane in the vitreous fluid for these deaths seems to range from less than the peripheral blood to almost equal, whereas the concentration in vitreous fluid was always less than the concentration in central blood and the Vit/CB ratio ranges from 0. Table V) . Comparisons of SDCMEO levels with the data from Broussard's cases are difficult because the blood draw site is unknown. The cited case and the two SDCMEO cases involving motor vehicle accident fatalities in which more than one blood sample site was taken have higher concentrations of 1,1-difluoroethane in the central blood than the peripheral blood and vitreous humor. From the theory cited by Hahn and coworkers, one can theorize that the exposure to 1,1-difluoroethane was likely intentional, acute and recent (4) . The assumed mechanism of the accident is intentional abuse of the gas, followed by loss of consciousness and therefore loss of control of the vehicle. The ratio for the published motor vehicle accident death by Hahn et al. was CB/PB ¼ 2.87 and Vit/PB ¼ 0.71, compared to the SDMEO ratios from Case 3 of CB/PB ¼ 1.89, and Case 14 CB/ PB ¼ 1.56 and Vit/PB ¼ 0.85.
Similarities exist between the CB/PB ratios in the motor vehicle related fatalities and the fatalities from acute intoxication by 1,1-difluoroethane. This could occur because both groups have deaths that occur within a time scale of minutes after intentional abuse, thus causing a snapshot in time of the gas distribution in the human body that is soon after the intentional inhalation. Although the trauma of the vehicle accident itself caused the fatalities in the motor vehicle group, it is theorized that the intentional abuse of the gas while driving caused the decedent to pass out within seconds of the abuse, leading to the erratic driving behavior and the subsequent accident. If this is the case, then this may confirm that the deaths from acute intoxication also occur within minutes after intentional abuse. The only difference between the two groups is that the deaths from acute intoxication of 1,1-difluoroethane involve higher concentrations of the gas in central blood and sometimes peripheral blood.
Accidental deaths in which other drugs were cited in addition to 1,1-difluoroethane for the cause of death differ in their CB/PB ratio compared to those of the acute intoxication and motor vehicle groups. The cases for comparison from Table I are Cases 7, 9, 10, 12 and 15. Unfortunately in Case 15, no secondary sample was available to calculate a ratio, so the average CB/PB is 0.64 and Vit/PB is 0.43 for the four cited cases. It appears that the ratio of Vit/PB is not very illuminating for any information involving the deaths, because the average Vit/PB ratios are similar and the ratio seems to stay consistent at less than the peripheral blood. Although the values for Vit/CB are not listed, with the exception of Cases 6 and 16, these values are also consistently less than one. The CB/PB of those accidental deaths involving other drugs in addition to 1,1-difluoroethane show that the gas had more time to equilibrate in the human body than a death caused minutes after intentional abuse. If this is the case, perhaps if used near the same time, the gas played a secondary role in the death, compared to a drug like morphine or methadone, which causes death through CNS depression. Another possibility is that the gas was intentionally abused a short time (minutes) before or after the abuse of the other contributing drug, with unknown but non-fatal effects. Some cases of deaths from 1,1-difluoroethane have been published in literature with only a concentration of the gas in one blood sample. Three cases in which 1,1-difluoroethane was associated with death were published by Sakai et al. Right heart blood concentrations were determined to be 136.2, 99.2 and 109.9 mg/L (6). In the first two cases, no other drugs were detected in routine screening, while in the third case, a lethal level of methamphetamine was found in right heart blood of 10.4 mg/L, associating the death with both 1,1-difluoroethane and methamphetamine. Similarly, in the current Cases 10 and 12, lethal levels of at least one other drug besides 1,1-difluoroethane was present in blood, as shown in Table IV . The three Sakai concentrations are similar to those found in the 1,1-difluoroethane intoxication deaths in Table I in central blood. Case 2 of Sakai et al. is similar in circumstances to that of Table I, Case 11: both involve plastic bags over the head with a can of 1,1-difluoroethane nearby and presented with similar levels of the gas in central blood or equivalent. Frazee et al. presented two deaths associated with 1,1-difluoroethane (8) . In the first case, a 24-year-old male had been drinking, and had a can presumably containing 1,1-difluoroethane next to him, and had a femoral blood level 61 mg/L and ethanol in femoral blood of 0.09% (w/v); the death was ruled to be acute 1,1-difluoroethane and ethanol intoxication. In the second case, a 33-year-old male with hypertension and a history of inhalant and alcohol abuse was found dead on the floor with a can containing 1,1-difluoroethane next to him. The femoral blood contained 1,1-difluoroethane of 230 mg/L, sertraline of 0.18 mg/L and alprazolam of 0.04 mg/L, and the death was ruled due to 1,1-difluoroethane toxicity. Peng et al. also presented three cases in which the deaths were ruled due to 1,1-difluoroethane inhalation (5) . In blood (unspecified collection site) the concentrations of 1,1-difluoroethane were 116, 141 and 199 mg/L, and aerosol cans containing 1,1-difluoroethane were found at each scene. Although the blood collection site was unspecified, many cases in Table I have similar peripheral blood or central blood concentrations. For these published cases, it was not possible to do any more than compare blood concentrations because no secondary blood site or vitreous was sampled to calculate any ratios. This also makes it impossible to determine whether any of the deaths solely attributed to 1,1-difluoroethane showed similar ratios as those observed in the acute intoxication cohort from the SDCMEO.
The two cases listed as "suicides" in Table I are unusual in different respects. Case 4 had concentrations of 1,1-difluoroethane in excess of 85 mg/L and a CB/PB ratio of 1.14. These numbers are similar to those associated with death from acute intoxication solely from 1,1-difluoroethane, but the decedent was found suspended by the neck from a ligature. The cause of death was listed as asphyxiation by hanging, with no contribution listed from 1,1-difluoroethane. The CB/PB ratio points to intentional abuse just before the suicide. In Case 8, a low (,10 mg/L) central blood concentration of 1,1-difluoroethane was detected in a death involving asphyxia with a plastic bag, similar to Case 11 and the second case reported by Sakai et al. (6) . Unlike Case 6, with a similar low (,10 mg/L) central blood concentration, two cans of 1,1-difluoroethane were found near the decedent. The central blood concentration of 1,1-difluoroethane could result from an intentional abuse of the gas some length of time longer than minutes before death occurred and from the primary cause of death being the large amount of lamotrigine pills taken (as indicated by the gastric contents).
Before 2012, no studies of 1,1-difluoroethane exposure in living human subjects at concentrations involving nonintentional abuse could be found to compare concentrations found at the SDCMEO. Fortunately, Ernstgard et al. published a study involving exposure in an air chamber to two different concentrations of 1,1-difluoroethane (200 and 1,000 ppm) over two hours and including the measured concentrations of the gas in capillary blood, breath and urine. The average peak capillary blood concentrations, reached within a few minutes of exposure, were 7.4 and 34.3 mM for 200 and 1,000 ppm, respectively (13) . Converting to units used in this method, the numbers become 0.489 and 2.26 mg/L. Although not comparable to conditions prevailing during normal use of 1,1-difluoroethane for its stated purpose, these concentrations did not result in any disabling or other ill-effects and therefore can be considered relatively harmless. Although the authors understand that capillary blood from living subjects measured at the peak of exposure and postmortem blood samples ( peripheral and central) from individuals who died at an indeterminate time after peak exposure ( presumably in timescales from minutes to hours) are not truly comparable, it is an interesting exercise. Before the Ernstgard study, it was unknown what concentrations in blood would not contribute to cause of death. For the acute intoxication group of samples the peripheral blood ranged from 11-146 times the peak blood concentration of 1,000 ppm exposure and the central blood ranged from 33 -165 times as high.
During the initial validation of the method for confirmation of 1,1-difluoroethane, it was realized that two very different concentrations of the gas could be found for the same case in which one peripheral blood tube had previously been opened a multitude of times versus an identical unopened peripheral blood tube. The previously opened tubes always contained a lower concentration of the gas than the unopened tubes. If the data contained an unopened and opened tube result, only the unopened was reported. Although all of the reported peripheral blood concentrations came from unopened tubes, all but two central blood tubes were previously opened. Corroborating this with the study by Ernstgard et al. and their calculated blood/air partition coefficient for 1,1-difluoroethane, it is likely that the results for previously opened tubes are biased low compared to an identically unopened tube (16) . The corresponding CB/PB ratios could possibly have been higher in all cases involving previously opened central blood tubes, had there been an unopened tube to analyze. Low sample volume in the 10 mL glass tube could also affect results because this would leave more headspace volume in the vial, which could result in loss of the gas from the liquid sample. In most vitreous samples, a lower volume of sample liquid was present compared to blood, and in some cases, very small volumes were available (Case 6 vitreous was noted as ,2 mL). Therefore, the result from the low volume vitreous samples could also be biased low.
Conclusions
According to the data and case histories presented from the San Diego County Medical Examiner's Office, it is apparent that in many cases, deaths from 1,1-difluoroethane occur in minutes after intentional abuse. The evidence for this includes CB/PB ratios greater than one, which are not only found in motor vehicle trauma deaths in which the decedent intentionally abused the gas minutes before death, but also acute intoxication deaths in which cause of death was attributed only to 1,1-difluoroethane. Identical CB/PB findings were found for motor vehicle accidents by Hahn et al. (4) and sudden death due to intentional 1,1-difluoroethane inhalation by Xiong et al. (2) . Other evidence includes the presence of the propellant can in close proximity to the decedent or in the decedent's hand after death. Cases in which the CB/PB was below one usually had other drugs contributing to the cause of death and probably did not occur as quickly after intentional abuse as those with CB/PB above one. From the data in this study, it appears that Vit/PB or Vit/CB measurements are not very illuminating regarding the cause of death and are probably unnecessary. In terms of gauging whether 1,1-difluoroethane is from intentional abuse or normal household use, it would appear from the study by Ernstgard et al. (13) that concentrations above the current method's LOQ of 5.4 mg/L will normally only result from intentional inhalation. It is important that laboratories have routine screens to detect 1,1-difluoroethane, because cases exist in which evidence of use from cans may not be present in proximity to the decedent or may go undiscovered in the debris of a motor vehicle accident. It is also important to quantify concentrations of 1,1-difluoroethane in peripheral and central blood, which may prove useful in interpreting how recently the intentional abuse of 1,1-difluoroethane occurred.
